Clinical trials have reported the effects of Tripterygium wilfordii Hook F (TwHF) extracts (TEs) in the treatment of rheumatoid arthritis (RA); however, the results have been inconsistent. This meta-analysis is aimed to assess the safety of TEs and their effects on the treatment of RA. Randomised controlled trials (RCTs) comparing the effects of TEs and placebo (PBO) or disease-modifying antirheumatic drugs (DMARDs) in patients with RA were included. Weighted mean differences (MDs) were calculated for net changes by employing fixed-effect or random-effects models. After filtering, ten RCTs (involving 733 participants) were included in this study. The methodological quality of these studies was generally low. Compared with DMARDs, TEs alone produced a mild increase in grip strength (GS) ( = 0.02; standard mean difference (SMD) = 0.81; 95% confidence interval (CI): 0.14 to 1.48). The most common adverse effects (AEs) of TEs were gastrointestinal discomfort, menstruation disorders, and amenorrhea. In conclusion, TEs, as a sort of "herbal DMARD, " could be as effective as synthetic DMARDs in the treatment of RA. However, the efficacy of TEs in treating RA should be further estimated with better designed, fully powered, confirmatory RCTs that apply the American College of Rheumatology (ACR) improvement criteria to evaluate their outcomes.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease of unknown aetiology that is characterised by pain, stiffness, and swelling of peripheral joints [1] . RA affects approximately 1% of the population worldwide [2] . Uncontrolled disease can result in progressive joint destruction, deformity, disability, and increased mortality. According to the guidelines proposed by the American College of Rheumatology (ACR) for the management of RA [3] , nonsteroidal antiinflammatory drugs (NSAIDs) and disease-modifying antirheumatic drugs (DMARDs) are recommended to relieve joint damage. Recently, based on an evolving understanding of the pathogenic mechanisms of RA [4] , specific targeted therapies (including inhibitors of tumour necrosis factor and other novel biological compounds) [5] have been introduced to interfere with the disease process in RA.
However, many patients discontinue the above treatments because of adverse events (AEs) [6] or poor clinical response to biological agents. Furthermore, biologics are unlikely to be of general benefit in the developing world because of the financial constraints [7] , and the relatively high medical care costs for RA [8] restrict the application of these drugs in the developing world.
Tripterygium wilfordii Hook F (TwHF), commonly known as thunder god vine, is a member of the Celastraceae family. It is a perennial vine-like plant that is abundant in south China [9] . Anti-inflammatory and immunosuppressive compounds extracted from TwHF have been used for the treatment of a wide spectrum of autoimmune and 2 Evidence-Based Complementary and Alternative Medicine inflammatory diseases, including RA [10, 11] , ankylosing spondylitis [12, 13] , and systemic lupus erythematosus [14] . Additionally, TwHF extracts (TEs) have been demonstrating beneficial effects on nephrotic syndrome [15] , Crohn's disease [16] , and solid tumours [17] .
Among the approximately 380 secondary metabolites isolated from Tripterygium species, 95% are terpenoids [18] . Triptolide and tripdiolide, the ethyl acetate extract and chloroform-methanol extract [19] , respectively, are the major components that account for the immunosuppressive effects of TwHF. It has been reported that these extracts exert better therapeutic effects and cause fewer AEs than other crude preparations. Therefore, these two preparations have been used most widely in China [10] .
Meanwhile, many studies have been dedicated to elucidating the potential molecular mechanisms underlying the anti-inflammatory and immunosuppressive effects of TEs [18] , including the inhibition of platelet activation [20] , the induction of nitric oxide [21] , and prostaglandin E 2 [22] production. Based on studies both in vitro and in vivo, it is easy to speculate that TEs are likely to be types of herbal DMARDs, which differ from synthetic DMARDs.
While the extracts of TwHF have been most frequently used for a long time in treating RA, there exist a number of issues. In this regard, most of this clinical information comes from uncontrolled clinical trials or from retrospective reports, and few multicentre clinical trials have been performed to confirm the effects of TEs in the treatment of RA. In addition, the scientific evidence verifying that TEs are as effective as other conventional treatments in treating RA remains to be further validated. In terms of security, the safety of a long-term TE intake for chronic RA is uncertain. Given these uncertainties, it is necessary to assess the pertinent trials to systematically review the potential effects and safety of the long-term application of TEs in the treatment of RA.
Materials and Methods
To ensure the accuracy of our systemic review and metaanalysis, we designed and reported our results by employing a checklist of items that was as consistent as possible with the Preferred Reporting Items for Systemic Review and MetaAnalyses (PRISMA) statement.
Search Strategy.
We searched the following digital databases to identify trials: PubMed, Embase, the Cochrane Library, and Clinical Trials.gov. In addition, we searched the Chinese databases, such as the CNKI Database, VIP Database, CBM Database, WanFang Database, and Chinese Clinical Trial Register. All of the databases were searched from their available dates of inception to the latest issue (January 2013).
Different search strategies were combined as follows. For the English databases, we used free text terms, such as "Tripterygium wilfordii Hook F, " "lei gong teng, " "thunder god vine, " or "yellow vine" (which are all alternative names in Chinese for Tripterygium wilfordii Hook F) and "rheumatoid arthritis, " or "RA. " For the Chinese databases, free text terms were used, such as "lei gong teng" or "huang teng" (which means Tripterygium wilfordii Hook F in Chinese) and "lei feng shi guan jie yan" (which means rheumatoid arthritis in Chinese). A filter for clinical trials was applied. To collect an adequate number of trials, the reference lists of relevant publications were also searched to identify additional studies.
Selection Criteria.
Randomised controlled trials (RCTs) were included regardless of blinding, publication status, or language. Studies were selected for analysis if they satisfied the following criteria: (1) the subjects took extracts of TwHF alone or with other DMARDs for at least 4 weeks; (2) the study was an RCT with a parallel or crossover design; (3) TEs were used as an active treatment intervention; and (4) people enrolled were diagnosed with RA, according to the 1987 guidelines of the American Rheumatology Association [23] .
"TEs, " in this review, mainly refer to the two root extracts of TwHF that have shown therapeutic promise, tripterygium glycosides tablets and tripterygium tablets. Therefore, studies using any TwHF-containing herbs or other herbal extracts were excluded. We also excluded case reports, reviews, retrospective studies, or studies without control groups. For obviously repeated studies, the authors of the reports were contacted to clarify any ambiguities. If the author could not be reached, the first published study was considered to be original. Studies were also excluded if the dose of TEs was not available. RCTs that lacked sufficient data to allow for the calculation of the net changes in outcomes and their variances from the baseline to the endpoint were also eliminated from our analysis. Two reviewers selected the articles independently. Based on the PRISMA requirements, a flow diagram of the study selection has been generated.
Data Extraction and Management.
The relevant data was extracted by two independent reviewers, and divergences were resolved by consensus or were arbitrated by a third reviewer. The validated Jadad instrument was adopted to assess each study's quality independently [24] . The Jadad score included the following items: randomisation (0-2 points); double-blinding (0-2 points); and description of withdrawals and dropouts (0-1 point). Allocation concealment was estimated by the criteria adopted from Schulz et al. [25] . Studies with Jadad scores of no less than 3 were regarded as being of high quality.
The primary outcomes were tender joint count (TJC), swollen joint count (SJC), duration of morning stiffness (DMS), and grip strength (GS). The secondary outcomes consisted of rheumatoid factor (RF), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP). AEs were also collected from the studies. For the trials that applied a three-armed group design, the outcomes of the groups were extracted if they met the inclusion criteria and were excluded otherwise. In case of vagueness or absence in the articles of the outcomes, the authors were contacted and related data has been extracted by consensus if the authors were unavailable. 
Data Synthesis and Analysis.
The effects of TE intake on patients with RA were calculated as differences between the treatment groups and the no TE control group, by employing Review Manager meta-analysis software, version 5.2. To ensure the credibility of the results, the net changes in all of the outcomes were calculated as the mean differences (TEs minus control) in changes (endpoint minus baseline) for parallel trials. We calculated weighted mean differences (MDs) or standard mean differences (SMDs) and 95% confidence intervals (CIs) for continuous data. MDs were used if the outcomes were evaluated in the same manner among trials, while SMDs were used if the same outcomes were evaluated by adopting different approaches. Heterogeneity was evaluated via the chi-square test, the tau 2 test, and Higgins 2 test. A fixed-effect model was employed when the studies in the group were sufficiently alike ( > 0.10); otherwise, a random-effects model was used. A score was calculated to test the overall effect, with significance set at < 0.05. Publication bias was detected by funnel plots, Egger's regression asymmetry test, and Begg's test when the number of included trials ≥5 (Stata software, version 12.0). We performed subgroup analyses to verify whether the use of TEs alone or with DMARDs had different effects on the outcomes.
To minimise the clinical heterogeneity, we performed three subgroup analyses: TEs compared with a placebo (PBO); TEs compared with DMARDs; and TEs with DMARDs compared with DMARDs alone.
Results

Study Selection.
The process of study selection is shown in Figure 1 . According to the prespecified selection criteria defined in the Methods section, ten RCTs were included in the meta-analysis. In the PBO group, three studies were searched [26] [27] [28] . Two RCTs were crossover studies with two courses [26, 27] . One study was excluded for all of the outcomes were graphic representations [28] . Two studies [29, 30] that compared TEs with nonsteroidal anti-inflammatory drugs (NSAIDs) were also excluded from our review. The trial of Fu et al. [29] compared TEs with NSAIDs and physiotherapy, and in the other trial [30] , the doses of NSAIDs changed during the treatment; thus, it was difficult to determine the effects of the intervention and the control groups. The characteristics of the studies are summarised in Table 1 . Together, these studies included a total of 733 participants.
Study Descriptions.
The included studies were published as full texts between 1988 and 2011. All of the RCTs originated in China, except for one [36] . Eight studies were published in Chinese, while two studies were in English [26, 36] . Nine studies were conducted as single-centre trials, and one study [36] was a multicentre trial.
Interventions and Controls.
Two studies compared TEs with a PBO. Six studies randomised the participants to receive TEs alone versus a control of DMARDs. Two trials compared a cointervention of TEs and DMARDs (methotrexate, or sulfasalazine) with a control of DMARDs alone. There were three types of TE preparations applied in the included trials, consisting of tripterygium glycosides tablets, tripterygium tablets, and an unknown TE capsule. Different doses of TEs were used in these trials. The TE intake ranged from 0.01 g to 1.8 g per day. Except for two trials in which the TEs doses were not less than 0.18 g, the doses of TEs in most of the included trials were moderate (≤0.09 g). The total daily TE intake was divided into one to three doses. One trial [37] reduced the dose of TEs during the period of study when liver function abnormalities occurred. In the event of gastrointestinal intolerance, the protocol of one trial [36] allowed for a temporary dose reduction of 50%. The duration of the interventions in the included studies also differed, ranging from four to twenty weeks. In the trial by Wang et al., the outcomes were detected at three time points: 20 weeks, 40 weeks, and 80 weeks [32] . Another trial had two time points: 4 weeks and 24 weeks [36] . To ensure homogeneity among the studies, we chose only 20 weeks and 4 weeks from the above two trials. The interventions lasted for four weeks in three trials [33, 36, 38] , twelve weeks in five trials [26, 31, 34, 35, 37] , and sixteen weeks in one trial [27] . Only one trial [32] reported that the patients had received TEs for twenty weeks.
Objectives and Outcomes.
The majority of the outcomes of the study [36] , such as TJC, SJC, ESR, CRP, were graphic representations, rather than outcomes reported in a table that allowed for the extraction of data for re-analysis. AEs were reported in eight trials. Eight trials performed treated-perprotocol analysis, and two [27, 36] performed intention-totreat analysis which was generally interpreted as including all participants, regardless of the entry criteria, the treatment actually received, and ensuing withdrawal or deviation from the protocol.
Quality of the Included Studies.
Compared with the four trials [26, 27, 36, 37] that were of high quality, most of the included trials were of low quality (Jadad score < 3) because of unclear randomisation, deficient allocation concealment, inadequate blinding, and undescribed withdrawals and dropouts. An adequate double blind was also performed in two of the four trials [26, 36] . Meanwhile, withdrawals and dropouts were described in four trials [26, 27, 36, 37] .
Publication Bias.
Egger's publication bias plots and Begg's test showed that there were no significant publication biases for three outcomes in which the numbers of the included trials were not less than 5. As shown in Figure 2 95% CI for the intercept included zero. However, these results cannot be considered convincing because there were fewer than ten trials.
Effects of Interventions
TEs Compared with a PBO. Two trials (involving 92
patients) compared the therapeutic effects of TEs and a PBO [26, 27] . The number of trial participants ranged from 16 to 31 with trial durations in the range of twelve to sixteen weeks. As shown in Figure 3 , the statistical heterogeneity among the studies was found to be significant regarding the results for GS ( = 0.01). [31] [32] [33] [34] [35] [36] . The number of trial participants ranged from 10 to 74, with the trial duration varying from four to twenty weeks. As illustrated in Figure 4 , there was significant heterogeneity among the studies (all < 0.10).
Consequently, a random-effects model was employed to pool the results. The pooled results displayed no significant differences between TE-treated group and the DMARDs group, aside from GS ( = 0.02; SMD = 0.81; 95% CI: 0.14 to 1.48). However, no effects were found for TJC ( = 0. therapy of TEs and DMARDs with DMARDs alone [37, 38] . The number of trial participants ranged from 30 to 34 with trial durations varying from four to twelve weeks. As shown in Figure 5 , the statistical heterogeneity among the studies was found to be significant regarding the results for ESR ( = 0.05). The pooled results showed no significant differences between the two groups in terms of ESR ( = 0.39; MD = −7.27 mm/H; 95% CI: −24.02 to 9.48) or CRP ( = 0.62; SMD = −0.09; 95% CI: −0.43 to 0.26). Unfortunately, none of the included trials reported its results: ACR 20, ACR 50, or ACR 70.
AEs.
Eight trials reported outcomes for AEs. Seven trials [26, 27, 31, 33, 34, 36, 37] reported mild to moderate gastrointestinal events in a few of the participants who received TEs. Menstruation disorders or amenorrhea was reported in six trials [26, 27, 31, 33, 36, 37] in the TE group. Three trials [27, 33, 37] reported mild liver function abnormalities in a few patients caused by the intake of TEs. In the trial by Chen et al. [37] , study discontinuation occurred in one patient in each group, and another trial [36] reported that seventeen patients who received sulfasalazine and eight patients who received TEs discontinued the study because of AEs In addition, the same trial [36] reported that two patients became pregnant while receiving TEs or sulfasalazine, and mild prolongation of the corrected QT interval was seen on electrocardiography in patients receiving TEs.
Discussion
Although several systematic reviews and meta-analyses regarding the efficacy of TEs in the treatment of RA have been conducted, these systematic reviews achieved contradictory conclusions [40] [41] [42] [43] , which resulted from the differences of the search strategies, selection criteria, and data extraction and analysis, although all of these aspects have been recognised to some extent in these reviews. The meta-analysis published by Jiang et al. [43] (7 trials with 393 participants) performed two subgroup analyses: TEs versus PBO and TEs versus DMARDs. The systematic review published by Canter et al. [41] reported that TEs are associated with serious AEs, which render the risk-benefit analysis for TEs negative, and consequently, their application is not recommended. The most recent review, published by Cameron et al. [40] in the Cochrane Collaboration in 2011, could not pool its data due to differing interventions, comparisons, and outcomes. The Cochrane review concluded that TEs can reduce some RA symptoms; however, AEs can arise from oral use. We included ten trials and set three subgroups to minimize the heterogeneity, along with more new studies which made our systematic review differ from the previous ones.
Compared with a PBO, our results were consistent with those of Jiang et al. [43] in terms of SJC, RF, and ESR. In addition, TEs were found to be able to improve the DMS and GS. Although only two studies were included in this subgroup, the results showed that TEs were superior to PBO in improving joint function and reducing disease activity in RA.
Many of our results were consistent with the findings of Jiang et al. [43] between the TE-treated group and the DMARDs group, in terms of TJC, RF, and CRP. Unlike the previous review by Jiang et al. [43] , there were no beneficial effects on SJC, DMS, or ESR in our review when comparing TEs with DMARDs. Furthermore, our review showed that the TE group had increased GS (SMD = 0.81) compared with the DMARDs group.
As shown in Figure 5 , no beneficial effects on ESR and CRP were observed when the coadministration of TEs and DMARDs was compared with the administration of DMARDs alone. Although only two studies were included in this subgroup and two results were pooled, the analysis showed that TEs plus DMARDs had the same effects as those of two synthetic DMARDs alone in terms of lowering disease activity in RA. Additionally, the control groups, containing different efficient DMARDs, might have been responsible for the lack of intergroup differences in most of the endpoints.
The most common AEs with TEs were gastrointestinal discomfort, menstruation disorders, and amenorrhea, and they could be relieved with or without dose reductions. Due to different interventions, limited data, and the low quality of the included studies, the AEs were not ultimately combined. Identical to the synthetic DMARDs, the toxicity of TEs requires monitoring regularly to prevent AEs. Additionally, the doses of TEs should be controlled to avoid AEs. However, some limitations of this meta-analysis should be noted. First, nine of the included trials were conducted in Chinese populations, which implies a high risk of selection bias. This fact could have influenced the applicability of TEs to populations of other ethnic origins. Second, most of the studies published in Chinese were of poor quality regarding their designs, reporting, and methodologies. Only one multicentre RCT was identified [36] , which applied adequate randomisation, double-blinding, and allocation concealment in the included trials. As we know, if investigators, participants, and outcome assessors are not blinded, knowledge of group assignment can influence responses to an intervention [44] . Furthermore, inadequate allocation concealment resulted in exaggerated estimates of treatment effect [45] . Third, the limited number (from two to five) of the trials included in each subgroup obscured the positive evidence of TEs for RA. Fourth, the heterogeneity between the trials included in each subgroup was also significant, especially in the subgroup of TEs versus DMARDs. We believe that differences in the quality of the reports, intervention methods, doses, and durations of treatment were responsible for the heterogeneity. Different efficacy, applicability, and toxicity presented in different synthetic DMARDs also gave rise to heterogeneity. Finally, the most important criteria (ACR 20, ACR 50, ACR 70) were not reported in nearly any of the trials except for one study [36] . In view of this, we should carefully explain all of the conclusions due to the considerable methodological and clinical variety of the studies.
Conclusion
In summary, TEs alone or combined with DMARDs might not be inferior to DMARDs in the treatment of RA. Based on their bioactivity, TEs, which function as a type of "herbal DMARD, " appear to have the same effects as those of synthetic DMARDs. Meanwhile, the AEs of TEs should be assessed periodically, as with synthetic DMARDs. Considering the low methodological quality of the randomised trials, more RCTs are needed before we can recommend TEs to replace synthetic DMARDs or to be combined with them.
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